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Adaptive Capacity Report for CRLS, War Memorial and Library

1 Executive Summary
1.1 Overview
As part of t hes(Gy) omgoing limaegprafmrednesy and

resilience planning efforts, the City is conducting an adaptive capacity evaluation
of the Cambridge Rindge and Latin Sch@@RLS), War Memorial Recreation
Center(War Memorial)and Cambridge Public Library congx as a community
emergency response center. The City has existing plans to (GRItl$and War
Memorialas a Emergency Belter and a EmergencyispensingSite for
medication.The intent of this study is texpandheCi t y0s emer gency
work to includethe impact of climate change risés the sheltering and
dispensing capacity at CRlzid War Memorial, and to identify opportunities to
enhancethesies emer gency response funct.i

Thefocus of this studyas been othe buildings and their phigsl systemsnot

the emergency planning and operational consideratibtie site

Recommendations for operational enhancements were identified throughout the
course of this study andeetings with various City officialsnd have been

recorded in Sectiof. Where applicable, those recommendations have also been
included in this studyThe following table provides aegeral overview of the
proposed enhancemeiiits increasing the adaptive capacity of the site, the
associatd complexity of implementation dithe recommended onesrad bold.

ons.

Proposed Enhancemenwith Recommendations in Red Bold Location Complexity
Power 1 Back Up Poweri Minimum Upgrade All Buildings Low

2 Back Up Powei Medium Upgrade All Buildings Medium

3 Back Up Poweri Maximum Upgradei Microgrid i Study All Buildings High

4 Solar Photovoltaics on War Memorial roof War Memorial High

5 Lighting Upgrades for better control War Memorial Medium

6 Generator Testingi Load banks All Buildings Medium

7 Cogeneration systems CRLS High
Medication 8 Additional refrigeration capacity CRLS Low
Shelter 9 Structural assessmeoit War Memorial for Category IV War Memorial Low

10 | Library cooling shelter Library Low

11 | Dual fuel boilers All Buildings Medium
Communications 12 | Communication upgrades All Buildings Low
Sitewide 13 | Backflow prevention on drainage CRLS & WM Low

14 | Flood protection of garage entrance WarMemorial Low

15 | Sealing utility conduits, wall penetrations, and structure walls Library Medium

16 | Anti-seep collars on utility trenches Library Medium
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City of Cambridge Department of Public Works

1.2

Municipal Facilities Improvement Plan No. 6657

Adaptive Capacity Report for CRLS, War Memorial and Library

Background Information and Data Collection

As part of thisassessment, the Arup team reviewkehate change projections,
asbuilt drawings, site information, and existing emergency shetgemergency
dispensingsiteplans; held twaharretts with City of Cambridge stakeholders;
set up meetings with City of Cambridge officials; and completed sits fosithe
CRLS, War Memorial, and Librarfgcilities.

1.2.1

Climate Change Projections

This adaptive capacity ssssment used data provided by the Cambridigea®
Change VulnerabilityAssessmer(CCVA) to understand the climate change risks
associated with rising temperatures, extreme precipitation, and sea level rise and
storm surge. This climate change data veasewed against th&te and
infrastructureo understand the potential direct impacts to the congdexell as
theoverall impacts to the communitlyat may result imncreased reliance on this
facility. The following table outlines the climate chanig&s that were
considered.

Climate Change
Impacts

CRLS Complex

Community

Temperature
(Extreme Heat)

No increased risk at the site compared tq
the community as a whole. There may b
increased demand on energy and coolin
infrastructure, and theurrent skltermay

see more frequent use as a cooling shelt

By 2070,there is potential foa 600%
increase in the number of extreme heat
days over 90 degrees, from approximat
11 days annually to close to 70 days pe
year

Precipitation

Limited expected flod impacts to the
buildings, but access to the site may be
affected.

Expected increase in stormwater floodir
throughout the community, which may
result in increased demand for the facili
to be used as an emergency shelter.

Sea Level Rise
& Storm Surge

Little to no risk of flood impacts to the sit
as aresult of sea level rise and storm
surge.

Expected increase in flood impacts to th
community atlargeand other emergency
shelter siteswhich may result in
increased demand fori¢ifacility to be
usedas an emergency shelter in a flood
event.

1.2.2

Stakeholder Charrettes
A kick-o f f

charrette was

conducted to

related to th@mergency response functions of the gitéurther charrette was
conducted to present tleaft findings andoroposals for comment.

Participants in the charrestencluded Community Development Department,
Department of Public Work§epartment of Public Healtkjre Department,

Electrical Department, Cambridge Rindge and Latin School, Public kibrar
Emergency Managemeriuman Services, and the Recreation Department.
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1.2.3

Adaptive Capacity Report for CRLS, War Memorial and Library

Existing Conditions

To supplement the outcomes of the charrette, Arup conducted an assessment of
the existing conditions of the site through a review of thieuss drawings and
individual site visits to each of the buildings. The followtaglehighlights the

key findings for each of the building systearsd further descriptions can be

found n Section 3 of this Repart

System

Summary

Structural

The CRLS, War Memorial, and Librabuildings were constructed over a wide timeframe {193
1955 and 2007, respectivehith further renovationto CRLS and War Memoriah 2009 and 2011
andappear to be in good conditiorerall

It is unknown when the War Memorial was designated asrangency shelter, however, it is
understood this occurred before 2001. Based on the information proitidedld not be confirmed
thatthe structure has ever been assessed for this use with respect to the increased snow, wir|
seismic load requiremé&nby thelatestMassachusetts building codehough there is little structura
concern related to using the War Memorial as an emergency shelter in events such as heat w
cold snaps, hurricanes, flosdor fires,t is recommenddthe structural systes be evaluated for
seismic load capacity if the building is intended to be used as a shelter after a seismic event.

The CRLS and Library should similarly be assessed if their spaces are intended to be used fq
emergencylispensing or housing peopgldisaussions with the Department of Public Health sugg
that these spaces are not suitable for emergency dispensing and would not be required as lo
War Memorial is available.

Additions or renovations to th&ar Memorialthat significantly modifythe structureor add any
weight to the structure would require the building to be evaluated for an increased risk occupg
category and the corresponding increase of snow, wind, and seismic loads on the structural g
Due to the code requirements whea buildings wereoriginally designed, this kind of structural
analysis may result in the need for upgrades to the building to resist the increased loads bas¢
current codes.

Civil and
Drainage

There have been a few isolated historic flood eventdniyadicted the Library buildindowever it
has been reported that these were causddilbyes of the infrastructurewatermainbreals and
cooling tower failure

In addition, the War Memorial roof has experienced leaks in the past

Plumbing

The plumbiry systems appear to be in good condition and there are sufficient numbers of rest
and showers to operate the emergency shelter fadiliy critical equipment for plumbing systemg
like pumps, water heaters, etc. is provided with emergency or staodizy.

Electrical

Theelectrical systems have adequate capacity and separate incoming power and distribution
systemsThere isbackup power in each building servitfige pumpsand life safety systems with
some limited additiongbrovisions in CRLSndthe Public Library

A preliminary analysis of the power provisions-site suggests thaté generator capacity at CRLS
couldadequatly operate the entire building on emergency power and that tedeofuel oil storage
could run thegenerator for appromately 9days before additional fuel deliveries would be need¢
Similarly, the installed and temporary generator capacity at War Memorial could serve the en
load of the building f o ne o f tempbrary gérfefatdis profided

Mechanical

There is adequate capacity within the mechanical systems and adequate ventilation in each ¢
buildings. Redundant heating and cooling equipment is also providaddition, one chiller in
CRLS:is connected to baelp power which could provide cooling the whole building in mild
conditions or a level of cooling in extreme conditions.

Communications

There are existing dead spots for cellular and radio coverage.
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Adaptive Capacity Report for CRLS, War Memorial and Library

Based on feedback from the various Gitgkeholders ana review ofexisting
conditions, thdollowing enhancements were identified as opportunities for the
City to improve the resilience and adaptive capacity of the CRLS, War Memorial,
and Library complexThe columron the left identifies the minimumnequirenents

for operating an Emergency8lter orEmergency Dispensingt® and the
column on the right details the Arup
capacity of the current sit€he colorcodingindicates compliance with minimum
requirementandcomplexity of the adaptive capacity proposals:

1 Green= compliant or low complexity
1 Yellow = compliant but could benproved or medium complexity

9 Red= not compliant, or high complexity

t eamob

Minimum Requirements

(MEMA/MDPH/Checkiist) Focus Area Adaptive Capaciy Proposal
ADA accessibility in public spaces including Accessibility None
restrooms/bathing areas, dining facilities, and
dormitories
Heating and cooling to provide comfortable Shelter

temperatures inside facilities.

Queueing space prior to registoat. Larger
queueing areas are required wieemergency
dispensing site is active.

Loading dock access.

Dormitory space (overnight patronsdastaff).

Recreation (overnight patrons) and quiet/break
areas (patrons and staff).

Administrative offices.

Bathing facilities (overnight patrons).

| Issue | June 28, 2019 | Arup USA, Inc

Acquire portable tents that allow sheltered spaces
be provided for exterior queuing during inclement
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Amend lightingcontrols and fixtures; Field House
and Gymnasium to be locally controlled

Structural building assessment of War Memorial fo
Category IV compliancé seismic events are a
concern and if structural works are required as par
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Municipal Facilities Improvement Plan No. 6657

Adaptive Capacity Report for CRLS, War Memorial and Library

Minimum Requirements
(MEMA/MDPH/Checklist)

Focus Area

Adaptive Capaciy Proposal

Shall not be separated from owners.

Provisions shall be supplieco@d/water, hygienic
disposal of waste, location for exercise).

Service animals

None

Refrigeration rejuired for both food and medicatio Medication Upgrade alfrefrigeratorsused for medication to be
storage Any storage for medication shall be locke lockable

and items shall be stored separately to any food.

Dedicatedand lockedefrigeration for vaccine

storage.

Basic Triage and First Aid care.

Private screening areas.

Charging stationfor mobile devicesre Power Photovoltaics on War Memoriabof and associated

recommended

Baclk-up power is recommended but not essentia

Access to backup power (for light, heat, medicati
refrigeration, and medical equipment).

storage (eg batteries)

Repair and reconnect Cogeneration System on CR
roof

Increase Generator Prgion (e.ginstall additional
emergency receptacles, add emergency connectio
generator backed boards and implement load sheg
logic)

Installation of Microgridi refer toSection 5.1.1 for
more details

Improve generator testingnstall loadbanks

Add chillers and cooling pumps to Back Up Power

Public telephone access.

Internal PA system.

Communications

| Issue | June 28, 2019 | Arup USA, Inc
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Minimum Requirements

(MEMA/MDPH/Checkiist) Focus Area Adaptive Capaciy Proposal
Cell phone service.
Emergency responderay radio servie.
Internet (wireless or otherwise)
Kitchen preparation space, food supplier, or food Food Amend food service proposal to include food/snack

vendor (overnight patrons and staff).

Refrigeration reuired for both food and medicatio
storage Any storage for medication shall be locke
and items shall be stored separatelgny food

Dining space.

Food/snacks to be provided at heating/cooling
shelters.

delivery to the Library in the event of an active
heating/cooling shedt.

Operational adaptiveapacity for consideration

Parking (including ADA compliant spaces) shall t

Transportation /

Add Backwater Valves (BWVs) to War Memorial af

provided for general public. Site Access | CRLS

Vehicular flow around the facilities shall be Flood mitigation strategies at parking garage
regulated and cordled to increase efficiency.

Security to enforce facility rules and prevent thefi Operations Operational planning, including combined operatio

Law enforcement command center (Dispensing ¢
only).

of shelter aneémergencylispensing site, planning fo
food and delivery, anglanning for animals

Communications planning for site operations and
communicating with residents

Education of Cambridge residents to understand
emergency resources

Training d staff to clearly defe roles and
responsibilities and specialized training needs
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2 Overview

2.1 Project Goals

As part of the @&oingyclimaté prefaedriess and esliérce o n
planning efforts, the City is conducting an adaptive capacityatiah of the
Cambridge Rindge and Latin Sch@GIRLS), War Memorial Recreation Center

(War Memorial)and Cambridge Public Library complexasommunity

emergency response and resilieneater. The City has existing plans to use the
CRLSand portions othe War Memorial as eemmunity emergency shelter that

can accommodate up to S5balividuals in the event of an emergency. In addition,
portions of the two faaties have also been designassda emergency

dispensing site for medicatidry the Cambridg®ublic HealthDepartment

These plansveredeveloped through thteaditionalemergency management and

public health planning processkest have not considered the potential impacts of

climate change identified thritwugh the City
AssessmenfCCVA). The intent of this study is texpandheCi t yds emer gency
planning workto include the impacts of climate changetba sheltering and

emergencylispensing capacity at CRLled War Memorial, and tevaluate the

existing capacity ofhe complex to determine whether additional measures can

create more robust resiliency.

The CRLS, War Memorial, and Public Library complex is uniquely positioned to
serve the City as an effective emergency response and resilience center because
the comple is located outside the identified areas of flood risk and heat island
impacts according to the CCVA. Therefore, there are opportunities to use this
complex in creative ways to address traditional emergency response activities as
well as the new and inasing risks to the community as a result of climate

change.

The focus of this study has been on the buildings and their physical systems, not
the emergency planning and operational considerations of the site.
Recommendations for operational enhancemeats wdentified throughout the
course of this study and meetings with various City officials and have been
recorded in Section %Vhere applicable, those recommendations have also been
included in this study.
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2.2 Site Overview

The complex includes the Camlg& Rindge and Latin School, the War
Memorial Recreation Facility, and the Cambridge Public Library, which was
developed over a number of years:

1 Cambridge Public Library 1888 9 Media Center & Arts Centér1976

1 Cambridge & Rindge Latin Schoc] Field House, Tennis Courts & Park
T 1933 with renovations in 2011 Garageg 1976

1 War Memoriali 1955 with 9 Cambridge Public Library Expansic
renovations in 2009 i 2009

The following images show the layout and site plan for the complex.

Cambridge
Rindge &
Latin School

War Memorial
& Field House

Public Library
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2.3 Stakeholder Charrettes and Meetings

In order to effectively evaluate the emergency response functions of the complex

and understand the Cityds needs for the fu
coordination with key staff members at the City of Cambridge was essential. This

coordination was accomplished througheemain feedback loops

1. A stakeholder charrettan February 262019 which was intended to
understand the Cityds goals for this com
departments with a vested interest in theisteth from the perspective of
day-to-day operations and for its emergency resgocapabilities

2. Individual follow-up meetings were held with the Cambridge Fire
Department, Department of Public Works, Electrical Department, and
Human Serices and Recreatn Department

3. A stakeholder charrette on May 2019 to present the initial findings and
proposals to get fedack in advance of issuing the fimaport

The stakeholdecharretteincludedkey representatives from the following City of
Cambridge Departmest

1 Community Development
Department

Cambridge Rindge and Latin Schc

Public Library

Department of Public Works Emergency Management

Fire Department Human Services

= =2 4 A4

Electrical Department Recreation Department

= =2 4 -2

Department of Public Health

The charrettgincluded adiscusgn of the drivers for this project, the current
emergency response plaasy issuesor concerndgrom City staff related to the
facilities and their operationproposed enhancements and general observations
on the operation of the facilés under emergency conditions

2.4 Data Collection and Document Review

In conjunction with the stakeholder charretd@d individual meetings with City
Departments, the Arup team also reviewed the existing plasiilasirawings,

and applicable regulations@requirements that govern emergency shelters. The
following section provides an overview of that document review.
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Adaptive Capacity Report for CRLS, War Memorial and Library

2.4.1 Existing Emergency Shelter andEmergencyDispensing

Plans

The CRLS and War Memorial are designated to serve as a community shelter and
emergencydispensing site for medication. The following plans have been
developed to define the operations and use of the two facilities for the emergency
shelter ané&gmergencylispensing functions:

1 Cambridge Public Health Department Emergency Dispensieg FEiS)
Guidancé revised May 2015

1 Cambridge Emergency Management Shelter Facility Resource: Cambridge
Rindge and Latin Schodlupdatel June 2013

The two emergency plans currently use many of the same spaces to serve their
purposes, including the'Floor Field House and"2Floor Gymnasium.

It has been discussed and confirmed by the Department of Public Health that the
two operations would NOT occur simultaneously on this siteEArgency
Dispensing Site is for Biological, Chemical or Pandemic ex@oguan act of
terrorism or pandemic disease eg Anthrax, Avian Flig.ribt encourageth have
people congregating and sheltering in place in large nunflbsrsh an event has
evertaken place. They should be encouraged to stay in isolation as much as
possible

The War Memorial is the only location in Cambridge that provides such good
access for the delivery of tractor trailers and pallets of medication so should take
priority over the Emergency Shelter if both operations were ever required
simultaneouly in the City.

The following table provides more detail on the areas of the facilities that have
been designated foise.

Location

Emergency Shelter Plan Emergency Dispensing Site

Field House / 2 Floor

1 Dorm Areai 396 people 9 Dispensing
1 Medical Service

 Ambulance Exit

War Memorial / # Floor

Intake Registration

Command Center

Mental Health/ Quiet Space
Restroomd$ 17 standard/ 6 accessible
Showers 22 standard/ 20 accessible

War Memorial / 29 Floor

Staff Break and Staff Dorm Area
Restrooms 5 standard/ 2 accessible

War Memorial / 29 Floor
(Gymnasium)

= =4 4 |4 - a4 2 -2

Dorm Areai 160 people

9 Dispensing
 Medical Services
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Location Emergency Shelter Plan Emergency Dispensing Site
CRLS (Arts Center) /SLFloor i Staff Break and Dorm Area 1 Triage
1 Registration

CRLS (Arts Center) /3LFloor 1 Additional Inclenent
(Auditorium) Weather Staging
CRLS (Media Center) /*1Floor | § Food Service 9 Cafeteria
(Cafeteria)  Recreation Area

1 Mental Health/ Quiet Space
Temporary locatiofi South East| § Pet Trailer
corner of Field House

2.4.2 Applicable Requirements
The current emergency plans toe site are guided by the following documents.

1 Department of Public HealthEmergency Dispensing Sites (EDSA guide
for Local Health on Planning for Medical Countermeasure (MCM) Dispensing
Operationg October 201{DPH)

 Massachusetts Statewide M&re and Shelter Coordination Plan: Local
Shelter Toolkiti July 2018 MEMA)

The key requirements of the documents describe good practice around:
1 Accessibilityi for all members of the population
1 Shelteri sleeping accommodation

1 Medicationi access to mechtion to maintain health, mental health and
function

1 Poweri Redundant source should be available but is not a requirement

1 Communicatiori so all members of the population can be helped and
informed

1 Foodi provision on site for a range of dietary reganents
Service animal$ providing food and supplies
1 Transportationi access to all members of the population
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Based on the requirements frdiEMA and MDPH, the three buildings at the
complex were evaluated in their current capabilities. The tablevheéntifies

the current uses of each building, the important capabilities based on these two
guidance documents, and any additional recommended functions of services.
Items in red text identify areas where the existing emergency response plans may

need aditional considerations to be in limgth the guidance documents.

Buildings in | Current Use Important Capabilities Other Recommended
Complex Functions or Services
War . 9 Emergency | 1 ADA accessik 1 Heating/cooling
Memorial Shelter & | ¢ shared parking for 300 1 Water
Recreation Emergency vehicles . .
Center Dispensing 9 Charging stations
Site T Backup power 1 Showes
9 Dormitories for 556 1 Triage
1 Only preprepared and 1 Pet sheltering services
delivered full meals
9 Loadingdock
9 Noinsidequeueing area
capabilities
9 Dedicated refrigeration for
vacciness delivered
Cgmbridge 9 Cafeteriais |  ADA accessible 1 Heating/cooling
Rindge and used for { Shared parking for 300 1 Water
Latin School emergency vehicles
shelter & 9 Full meals al:_)Ie to be
dispensing 9 Backup pover prepared orsite
site 1 Kitchen/food preparation 1 Charging stations
{ Portions are |  S€rvices
used for 1 Large inside queuing area
inclement capabilities
weather
staging for
emergency
dispensing
Cam.bridge 9 Not used 9 ADA accessible 9 Heatingcooling
E‘é?gf { Parking garage under 1 Water
y building 1 No food or snacks are
9 Backup power available; restricted to
areas without carpeting
1 Charging stations
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3 Climate Change Projectionsand Impacts

The City of Cambridge has a lostanding commitment to addressing the

unavoidable impacts of climate chargethecommunity TheC i t Glidate

Change Vulnerability Assessment (CCVdgveloped annderstandingf the

physical and social implications of our changing clinsatd established a

technical foundation to make the City more resilient. The CCVA, degdlop

two partsassesesthe risks posed by increasing temperatures and precipitation as

well assea l&el rise and storm surgand provides the technical foundation that
underpins the Cityds climate change prepar

This adaptive capacity evaluationisan® mponent of the Cityds | a
planning efforts. The intent of this analysis is to assess the ability of these

emergency response facilities to continue to operate and provide the necessary

community suppi services to the City in the face of our changing climate.

This reportnot only assesses the potential direct impacts of climate change on the
CRLS, War Memorial, and Library facilities and infrastructure, but also looks at
the larger context of climathange impacts to the City of Cambridge and how
those impacts may result in the need for more robust resiliency measures to
accommodate the increased need for sheltering as a result of impacts to other
areas of the City.

The following section outlines thexpected future climate conditions within the
City of Cambridge that form the basis of this analysis.

3.1 Rising Temperatures

Average and extreme temperatures are expected to increase significantly over the
next 50 years. By 2070, we may sbaese toa 600% mncrease in the number of
extreme heat days over 90 degrees, from approximately 11 days annually to close
to 70 days per year, as demonstrated in the image below.

90+°F

Number of Days per Year
@0
=)
"
-m

100+°F 100+°F
1971-2000 2015-2044 2055-2084
(Baseline) (2030) (2070)

Fig. 15 Number of days above 90°F (Source: Kieinfelder based on ATMOS research, November 2015)
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These rising temperatures have significant public health implications for the
community andare likely to cause significant heaiated illnesses and deaths
throughout the community, particularly in highesk populations like children,

elderly, and loweincome communities with limited access to cooliile the

site is not expected to exjEnce an increased impact due to exacerbated heat
island effects in that area of théy; there is likely to be increased demand on the
energy and cooling infrastructure of each of the buildings and an increased need to
provide cooling shelters and sax®s to the community dairge.

Theexistingcooling infrastructure appears adequate to cope with the current

temperatures; however, equipment sizes and cooling capassifeamay need to

be increased as temperatures increase throughout the centutioreddipgrades
to thebuilding envelopes may also be needed to provide better insulation and
passive cooling to the buildings.

The site, and specifically the Public Library, lexgerienced some isolated

historic flood eventsverthe last 10 year§hese recent events demonstrate a

need to review the drainage infrastructure and flood protection measures on site in
order to minimize any stormwateelated impacts to the site or the buildings.

While the impact of precipitation omé building infrastructure appears to be
limited, accessibility to the Library site may well be affected and therefore
alternative entry routes to the Library from Cambridge Street rather than
Broadway should be considerédt is to be used as part ofdlEmergency Shelter
or for general access

The QCVA estimates that rainfall4-hour rainfall eventsnayincrease by
approximately80% over the next 50 yeandowever that increase in rainfall is

not expected to cause a significant increase in precipithsed flood events en

site between the presetidy and 2070The Cambridge Floddiewer shows that

the 2070 106/ear precipitatiorb ased f |l ood el evation on
which is the same as the presdaty 1:100 flood elevation.

While the pregiitation-based flood risk oite may not increase significantly
over the next 50 years, there is an expected increase in stormwater flooding
throughout the community (as displayed in the 2070y flooding from
precipitation map below), which may réism increased demand on the sheiter
shelters in affected neighborhoods are impacted or over populated
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Fig. 10 Inland Flooding - 100-year 24-hour storm (Source: Kleinfelder with manhole flooding by MWH,

riverine flooding by VHB, November 2015)
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3.3 Rising Sea Levels

The site of the CRLS, War Memorial & Public Library igm@ntly in an area that
shows naisk of flooding fromsealevelrise andstorm surge Therefore, there is

little future flood risk to the buildings. However, the increasing flood risk to the
community may increase the frequency and capacity needs for using the site as an
emergency shelter for the community. Thereforerapens planning should
considerthe impact on other emergency shelters in Cambridge that may be
displaced in the event of flooding and might need to use this facility instead

2070 Percent Probability

of SLR and Storm Surge e
Flooding =7 f:ﬁ
Percent it probability of exceedance

[CJoy 0% [ 20% B 100%
Eos @ C25%
D 02% EE 5> I %%
CJ0s% [0 10% I s0%

Comandyioen

Fig. 9 Top map: 2070 Depth of Flooding from SLR and Storm Surge at 1% Probability Bottom map: 2070 Percent Probability of Sea Level
Rise and Storm Surge Flooding (Source: Kieinfelder, February 2017, based on WHG MassDOT Boston Harbor Flood Risk Model)
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4 Existing Conditions

A review of the existing conditions of the site waanductedo determine the
current infrastructure and its ability to meetrrent requirements and future risks
to the buildings and their functionality as emergency response facilities

4.1 Structural

4.1.1 War Memorial

The current shelter layout is situated priityanside of the War Memorialvhich
wasbuilt in 1955.The primary structure is concrete construction with the
fieldhouse as steel construction with CMU infill built in 1976. Minor structural
renovations and mechanicalpeouse rooms were built in 2009

It is unknown when the building was first designated as an emergency shelter for
the City of Cambridge, but it is understood that this occurred before 2001. To date
we have been unable to locate any records surrounding this decision including any
structual inspections or analysis of the building that have been produced. Based
on this informationit could not be confirmed th#te structure has ever been
assessed as an emergency shelter with respiitwreased snow, wind, and

seismic loads since efstate of Massachusetts adopted the IBC and ASCE 7 as a
base code.

Dueto the code and building use changesréased loading on the building for
equipment or PV or major alterations to the building would require an assessment
of t he bui |lchpanitywWith regatds tauthetingreaaed loads and

include evaluating the increased risk category for the building. Based on the
current Massachusetts Building CGdEMR 7809" edition, which provides
amendments to the International Building Cod2015(IBC), the school would

fall under a risk category of Ill anteed to be increased to a IVasemergency
shelter. Snow, seismiand wind loads each use importance factors in their
calculations that are directly related to the building risk categoraaha@nge

from a Ill to IV would increase snow loads by 9% and seismic loads by 20%. By
alteration requirements, affected structural elements and systems are required to
be evaluated if the gravity load increases by more than 5% and the lateral load
increags bymore than 10%, therefore any change to the building that triggers an
alteration/renovation assessment by CMR 780 would result in an analysis of the
affected structural members. Due to the code requirements when the building was
originally designed thse increased loads may result in the need for upgrades to
the building to resist the increased loads.

From visual inspections, the building appears to be in good conditiatsand
designation as an emergency shelter for events including heat waves)ajmdl
hurricanes, or fires is not of concern structiyraHowever jt is recommenddthat

the War Memorial structural systems be evaluated for seismic load capacity in the
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future if the building is intended to be used as an emergency shelter afsmi sei
event. Built in 1955, the building would not have been designed for seismic loads,
and in the event of an earthquake sections of the building may be damaged and
considered structurally unsafe.

4.1.2 Cambridge Rindge & L atin School

The CRLSwasoriginally bult in 1932 of concrete constructionith additions

and minor renovations to the structure in 1976. Building design was completed
prior to modern code standards for wind and seismic lateral forces, and without
any recent renovations the building has midsty never been assessed for
increased forces and code requireméerte structure has been designated as a
FEMA emergency shelter and assessed separately for those requirements.

Currently, the kitchen is the only part of the structure which is desigaatpdrt

of the cityemergencyhereforewe would not recommend that the building need
to comply with emergency shelter loading requireméttsvever, should the
CRLS be considered for housing people or medical dispensing, the structure
should be reevaluadl for the change in risk category.

4.1.3 Cambridge Public Library

The Library is mixed steel and concrete construction designed in 2006 under the
CMR 7806 edition. No major renovations have taken place since original
construction and the structure has beamtained in good condition.

Currently the library is not being used for emergency sheltering or as part of a

wider Acampuso for emergency response and
would not include housing people or medical dispensitgerefore we would not

recommend that the building need to comply with emergency shelter loading
requirementsHowever, should the library be considered for housing people or

medical dispensing, the structure should be evaluated for the change in risk

category.
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4.2 Mechanical

4.2.1 War Memorial

The War Memorial and Field House mechanical design currently consists of three
air handling units (AHU), one chiller, and five boilers located in the War

Memorial mechanical room and two AHUs on the Field House roof. Together
these peces of equipment service the War Memorial building with 31,700 CFM
conditioned air, 20,200 CFM ventilation, andmlion tons of heating max.

The system is appropriately sized for the expected capacity of the building, with
some flexibility and redundasy built in. All AHUs are variable volume and the
second AHU on the Field House roof is usually offline, only turning on if needed
based on CO2 sensors. There are 5 boilers total but the building can run on 3,
providing backup capacity in the event of tiaé or unexpected demand. Finally,
heating hot water (HHW) and chilled water (CHW) are interconnected between
the War Memorial and CRLS providing extra resilience, but not full redundancy.

4.2.2 Cambridge Rindge & Latin School

The CRLS mechanical system is compd of 2 chillers with 750 ton cooling
capacity each, located in the S112 Chiller Room, 7 boilers with both primary and
secondary loops located in the S231 Boiler Room, and 21 rooftop units (RTU)
located on the CRLS roof, 11 of which are on standby power.

The system provides a sufficient amount of heating and cooling for the building
occupancy, with resilience built in via the interconnected CHW and HHW system
with the War Memorial, as well as having 7 boilers with the building only needing
3 to have suftiient heat. Further, there is a cogen on the CRLS roof that is
currently offline due to the expense it takes to rewall as the state of the

system with iefficiencies like bent rods and not enough ways to dissipate heat.

4.2.3 Cambridge Public Library

The Library mechanical system is currently set up with AHUs split between the
old and new sections of the library, with HHW and CHW all being served from
the boilers and chillers in the new basemeatianical room. The AHUs have a
combined capacity of 109,200-®1 conditioned air, with 43,500 CFM

ventilation. There are 4 AHUs total, AHUand 2 in the new mechanical
basement, and AH3 and 6 in the old mechanical attic. All are VAV except for
AHU-6.

There are 2 gafired boilers, with a combined heating capacityabout 5,800
MBH. For cooling, the building has 2 chillers from 2007 that provide a combined
450 tons cooling to the whole library. Neither runs on emergency power.
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4.3 Electrical

The table below summarizes the power provision and resilience on siteasieild
on site visits, reviews of the -aslilt electrical drawings and eleidity bills for the
facilities. The numbers are all approximate as the exact power factors of all
equipment are not known

Building Normal Back Up Power Peak Averageload
Supply Load (over a year)
War ~1900kW Generatoii 355kW 490kW 180kW
Memorial Generator connecticin 160kW
CRLS ~2400kW Generatoii 1500kW 1480kW 350kW
Cogeni 70kW
PVi 30kwW
Library ~1600kW Generatoii 300kwW 595kW 200kW
PV 65kW

Refer to sectiol.1.1for a detailed analysis of the existing facility electrical
loading.

4.3.1 War Memorial

The War Memorial s main electrical service
from a 13.8kV unit substation located in the parking garage. The main

switchboard is rated for 2,500 amps at 480/277 volts. The maximum capacity of

the switchboard is approximately 1,662 kVA.

An existing 300 kVA diesel generator is located on the roof and propmiesr

for the fire pump only. V@r memorial life safety anditical loads such as fire
alarm, emergency lighting, boilers, sump pumps, and selected plucpl@ads
powered from the CRLS emergency generdiguipment currently backed up by
the generator include emergency lighting, fire pump, five boilers, and twp su
pumps.

An existing docking station is located on the exterior to provide additional backup
power to the building. The docking station is rated for 200 amps and sized for
connection to a maximum 150 kVA temporary generator.
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4.3.2 Cambridge Rindge & Latin School

The CRLS0s main electrical service i s prov
2,500 kVA utility transformer located in a dedicated vault located on level 1. The

transformer feeds two main switchboards each rated for 3,000 amps at 480/277

volts. Thetwo main switchboards have the capacity for approximately 4,000 kVA

however, the utility transformer serving the two switchboards is only rated for

2,500 kVA.

An existing 1,500 kVA diesel generator is located on the roof and provides
emergency (life safg} and optional standby power for the facility. Equipment
currently backed up by the generator include emergency lighting, fire pump,
majority of power to the kitchen, about half the roof top units, one chiller, and
majority of the air conditioning units.

Existing photevoltaic (PV) panels are located on the roof of the CRLS Arts
Center. There are two inverters each rated for 15 kW each, for a total capacity of
30 kW.

4.3.3 Cambridge Public Library

The Libraryds main electri adidfeddfrenravi ce i s p
utility transformer located in a dedicated vault located in the basement. The

transformer feeds a main switchboard rated for 2,000 amps at 480/277 volts. The

maximum capacity of the switchboard is approximately 1,300 kVA.

An existing 300 KA diesel generator is located on the basement and provides
emergency (life safety) and optional standby power for the facility. Equipment
currently backed up by the generator include emergency lighting, exhaust fans,
and sump pumps.
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4.4 Plumbing

4.4.1 War Memorial

The incoming services, sanitary and storm outfalls exist on the Cambridge Street
side. The sanitary and storm mains route in the basement and appear to drop
before existing the building. Branches connecting to the storm main that are
susceptible to floodig have backwater valves to prevent the ingress of water into
the building during a flood. The storm main does not have a backwater valve;
howeverdueto the drop in elevation before exiting the building, flooding of the
municipal storm drainage in theegt is not expected to affect the building
operation. There has been no indication that flooding is an issue in the War
Memorial. Theresump pumps and ejectors in the basement are on emergency
power.

The War Memorial has two (2) géised hot water heaterocated on level 2

which helps the resiliency of this facility during flooding or power outages. The
hot water is a raculating system thappeas to be on standljyower; the gas
equipmet/accessories also appear to be on stapdiaer. Due to the cugnt use
and occupancy of the War Memorial there are more than enough ADA and non
ADA showers, restrooms, and sinks to support the emergency shelter and the
emergencylispensing functions from a plumbing stand point.

4.4.2 Cambridge Rindge & Latin School

This sction focuses on the CRLS Arts Center as it is connected to the War
Memorial and will be the most sensible facility to occupy if the need arises. The
Arts Center has numerous storm and sanitary outfalls in the lower level that
connect to the civil drainagfor the general CRLS campus. There does not appear
to be backwater valves on the sanitary or storm outfalls to civil but there has been
no indication of flooding in this facility in the past. There are sanitary and storm
ejector pits and pumps on the bagent level which are on emergency power.

There are two (2) incoming water feeds to CRLS, which support the Arts Center
as well, these are a 50 service on the Bro
Cambridge Street side. The hot water is a recintigaystem fed from two (2)

gas fired water heaters on the second level of CRLS. The primary boilers,
recirculation equipment, and associated gas equipment are currently on standby
power. There are also staathne electric water heaters that are usedcakup in

case the gas water heaters malfunction. The Arts Center has an adequate amount
of restroom facilities to support the emergency sheltereametgencylispensing,

in conjunction with the War Memorial. The Arts Center has plenty of non

lavatory sinkghat can be utilized fagmergencylispensing purposes.
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4.4.3 Cambridge Public Library

The Library, from a plumbing perspective, has adequate fixtures and equipment to
act as an amenity space to compliment the War Memorial and CRLS Arts Center.
Flooding has beenoted in the library but the source of this seems to be through
other utilities (electrical conduit) and is addressed under the Civil Engineering
narrative of this report.

4.5 Civil and Drainage

45.1 Overview of Drainage Infrastructure

This section describes tlstate of the existing civil and drainage infrastructure
serving the complex. It has been compiled based on the reebuiltas
information, site visits and desk top studies.

The existing storm drainage serving the site is collected from the neighborhoods
northeast and southeast of Lorentz Park and conveyed by gravity into a large
circular stormwater storage tank in Lorentz Park near the main entrance to the
Library. The stormwater storage tank is approximately 30 feet deep and is
assumed to be constructedter tight. The storage tank is dewatered by a 4 HP
duplex pump system with aidch discharge forcemain to the municipal separate
storm sewer system in Broadway.

The Broadway storm sewer system conveys flows westerly along Broadway, then
southerly alonQuincy Street and DeWolf Street, ultimately discharging to the
Charles River.The major stormwater carrier pipes serving the neighborhood are
indicated on the image below in blue.
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4.5.2 Historic Flooding

City of Cambridge staff have indicated infrastructaéufres, including a water
main break and a cooling tower failure, have previously caused flooding at the
site, including:

1 Storm water runoff entering the garage entrance and ponding at the bottom of
the garage ramp;

1 Groundwater was conveyed along wiltall penetrations in the garage,
causing water to drip on the electrical panel in the garage; and,

1 Water seepage entering the south side of the stone library building in the staff
area

Feedback from attendees at the Charrette suggested that storm@ater an
groundwater are not known to have caused any flooding at the site.

4.5.3 Presentday Precipitation Impacts

City of Cambridge FloodViewer indicates presday 1:100 probability flooding

(i.e. 100year event) is anticipated adjacent to the site along Broadvehilkery

Street (indicated in green in Image 2). FloodViewer also identifies the Ellery
Street driveways to the loading dock and to the garage below the Field House and
Tennis Courts as being at risk of flooding during a predamtl:100 precipitation
event. This flooding may cut off access to the Ellery Street loading dock during a
flood event, and presents a flood risk to the electrical substation and switchgear
located in the garage below the Field House and Tennis Courts.

The Present Day 100@ear Preipitation flood elevation for the property is

identified in Cambridge FloodViewer as elevaticgh35 6 Cambr i dge City Bz
(CCB).We note the Present Day 8@ar Precipitation flood elevation for 96

Ellery Street (directly across the street from the loadmgk and garage

driveways) is identified as elevation 29.1

We consider it likely that the existing pipe networks in Broadway and Ellery

Street and/or the Lorentz Park stormwater storage tank has insufficient capacity to
convey and store the presetaty stormwater runoff from the 1:100 probability

flood event. We note that increasing the capacity of these stormwater management
systems to discharge stormwater away from this area may increase theskood

to properties downstream.
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The image belowidplays the potential preseday flood risk to the site from the
1:100 precipitation event.

4.5.4 2070 Precipitation Impacts

The City of Cambridge FloodViewer indicates no significant local increase in
flooding at the site between the 1:100 preskyt andhe 1:100 precipitation
event in 2070. The 2070 10Cear Precipitation flood elevation on the site is
identified in Cambridge FloodViewer as el e
as the preserttay 1:100 flood elevation. However, adjacent properties and th
surrounding neighborhoods do experience increased flooding during the 2070
scenario (indicated in purple in the image below). Of particular note, increased
flooding is anticipated along DeWolf Street, indicating any increase in stormwater
flows away fromthe site may exacerbate downstream flooding during the 2070
scenarios.
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Proposed Ehhancements

This focus of this assessment was a review of potential physical improvements to
the complex to improve the resilience and adaptive capacity of the site. The

following table provides a brief overview of the recommended enhancements and
how thoseenhancements shout@ assessed in relation to each othkese

projects

should al so be

and climate mitigatio goals.

assessed

agai nst

Proposed Enhancement Location Complexity
Power 1 Back Up Powef Minimum Upgrade All Buildings Low

2 Back Up Powei Medium Upgrade All Buildings Medium

3 Back Up Powei Maximum Upgradé Microgridi Study All Buildings High

4 Solar Photovoltaics on War Memorial roof War Memorial High

5 Lighting Upgrades for better control War Memorial Medium

6 Generator Testing Load banks All Buildings Medium

7 Cogeneration systems CRLS High
Medication 8 Additional refrigeration capacity CRLS Low
Shelter 9 Structural assessment of War Memorial for Category IV War Memorial Low

10 | Library cooling shelter Library Low

11 | Dual fuel boilers All Buildings Medium
Communicationg 12 | Communication upgrades All Buildings Low
Sitewide 13 | Backlow prevention on drainage CRLS & WM Low

14 | Flood protection of garage entrance War Memorial Low

15 | Sealing utility conduits, wall penetrations, and structure walls Library Medium

16 | Anti-seep collars on utility trenches Library Medium
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5.1 Physicd & Infrastructure Enhancements

The following section provides an overview of the proposed infrastructure
enhancements based on our review of the existing conditions of the site and the
feedback received from City staff on theeds of the site.

51.1 Power

Existing load data for the CRLS campus has been provided by the City of
Cambridge and shows that the peak combined electrical load for all three
buildings exceeds 1,500kW for less than 900 hours over the three years. This
means that, if reconfigured, the exigt 1,500kW generator located within the

School could power the whole facility in a busirassisual manner for all but

~300 hours per the year. If the Library were not connected to a centralized system,
the load is less than 1,500kW for all but ~80 halunsng the threg/ear period
(approximately 26 hours per year). The load duration curve below shows the
hourly facility load sorted by magnitude for a thwgar period. This graph is

used to show how frequently & facilityds |
thresholds. In this case, the graph shows that the overall facility load is larger than
the CRLS generator for less than 900 hours over the course el/dse Period.

This means that the CRLS generator has a high probability of being able to meet
the husinessasusual facility load (>96% of the time).

Campus Electrical Load Duration Curve (3 year)
2500

2000

/ Total campus load exceeds CRLS genera
capacity for ~900 hours over 3 years.
CRLS generator capacity
1500kW
Existing generator can meet businassisual power
requirements for more than 96% of the time.

1500 t

kw

1000

500

mCRLS1 ®mCRLS2 = War Memorial Library
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Based on this, it appears that the existing 1500kW generator can power the facility
during a power outage. Some lesitedding is recommended (option 2 or option 3

on the following pages) in ord&y allow the system to accommodate higthem:

usual loads which may be present during a sheitptace condition.

Additional capacity and redundancy could also be added by connecting the
existing 300kW Library generator to a microgrid to provide d tufta,800kW.

The combined generator capacity could power the facility in a busasessial
manner for all but ~50 hours a year. Automatic curtailment of critical loads would
allow the system to operate as long as a diesel fuel supply is available.
Furthermore the addition of the Library generator to the system will provide
increased resilience in the event of a failure of one of the generatwrsacility
would still be able to power critical loads.

Furthermore, addition of one or more battery enstgyage systems (BESS)

could provide additional resilience in the form of fuel diversity in the case of a
generator failure. Combining a BESS with the existing PV systems would allow
them to participate in the upcoming DOER Clean Peak Standard whichgsovid

an incentive for using clean energy (batteries charged from the PV system) to
offset peak grid loads. This would provide an additional revenue stream and
thereby decrease the expected payback period. Depending on the technology used
and configuration othe system, the addition of a BESS could also provide an un
interruptible power source for the most critical loads on the campus as needed. A
BESS system could also be configured as a redundant {sowsgze to the

existing generators, such that criticaler could be provided for select loads in

the event of a generator failure, in order to ensure that a minimum of loads could
remain powered while the generator is repaired, or a temporary generator
procured.

It is recommended that a more detailed micibgtudy be completed to
determine the optimal system configuration in order to better understand the
operational benefits and costs associated with the backup schemes discussed
below.
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Municipal Facilities Improvement Plan No. 6657
Adaptive Capacity Report for CRLS, War Memorial and Library

1. Back Up Poweri Option 17 Limited backup power

Enhancemen) Provideadditional critical receptacles for backup power throughout the facility
Focus Area | Accessility | Shelter| Service | Medication| Power | Communications Food | Transport/
Animals Site
Location All buildings
Scope Provide receptacles connected to & ptional standby system in critical locations
Description | throughout the buildings.
Complexity Low Medium High
Assessment | Feasibility of this option is based on final metering of the panels within the existing opt
standby system. Refer to the sketch belompbtential panels which could be used to fee
new receptacles
Figurel: Panels within the War Memorial
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Figure2: Panels within the CRLS
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Based on the overall facility load information providedgpears to be likely that
the indicated panels should have sufficient electrical capacity to accommodate

new loads. Further site visits are required to confirm the feasibility of using the
indicated panels.
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2. BackUp P

oweri Option 21 Full Manual Back Up

Enhancemen

Use existing generators to provide complete backup to the building using manual cont
load shedding

Focus Area

Service | Medication| Power | Communications Food

Animals

Accessbility | Shelter Transport/

Site

Location

All buildings

Scope
Description

Provide an additional feed from the CRLS emergency generator to the War Memorial
Library main switchboards. Provide provisions to power the main switchboard from the
generator when utility power is lost. Include a remote stimfrom the fre pump start
circuit to remove optional standby power and ensure the generator has capacity for the

pump.

Complexity

Low Medium High

Assessment

This option will allow full building backup, although manual control will be required to
ensure thatite generator does not overload as the existing load indicates thatakrtaig
times of the year the facility load will exceed the capacity of the CRLS generator. As it
anticipated that sheltén-place scenarios may require additional power thambssas
usual, it is likely that some areas within the building may need to be isolated-and de
energized. To keep operations of this system manageable, the option does not include
provisions to connect the Library generator.

Figure3:

Work Required within the Library
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Figure4: Work Required with the CRLS Building

Figure5: Work Required within the War Memorial
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